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(57) Abstract: 

PURPOSE: To produce a hot rolled steel plate excellent 
in toughness and having low yield ratio and high 
strength without causing the nonuniformity of material 
in the directions of thickness and length and the 
deterioration of weldability and sour resistance. 

CONSTITUTION: A steel, having a composition 
consisting of, by weight, 0.005-<0.030% C, 21.5% 



Si, 21.5% Mn, 20.020% P, 20.015% S, 0.005-0.10% 
Al, 20.0100% N, 0.0002-0.0100% B, either or both 
of 20.20% Ti and 20.25% Nb within the range satisfying 
the relation of (Ti+Nb/2)/C 3 4, and the balance Fe with 
inevitable impurities, is used. Further, the metallic 
structure is composed of ferrite and/or bainitic 
ferrite, and the amount of solid-solution C in the grain 
is 1.0-4.0ppm. By this method, the hot rolled steel 
plate, excellent in toughness and having low yield ratio 
and high strength, can be obtained. 
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(54) [KHOglit] tmfcflin*^«ttJft!SiadKB^«*i^O«Bft^ 



(57) 

[lift] J?^*^ «S*|6]Ui5»t4#Ko^*S;-1t 
MA] c : coos -0.030 wt%*9^ Si : 1.5 wt%W 

T, Mn : 1.5 wt%WT> P : 0.020 wt%J2TF\ 

S I 0.015 wt%J^T> Al ! 0.005 -0.10wt%. NI 
0.0100wt%J^T\ B : 0.0002-0. 01 00wt%£^, 
^oTi : 0.20wt%JiLTi3±tt*Nb : 0.25wt%J^TO 3 *>fr 
hmiStl&^-ftlfr 1 tt* fcli 2fI£(Ti+Nb/2)/C^4 

BSC JfcW.O -4.0ppnfC*& d t «r4f«ti-4«tt»^ 
«ix41B:l*ttJt*»8EI»ffiai«o 
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(2) 

[ffi*lll] C : 0.005 -0.030 wt%*S, 
Si : 1.5 wt%J^T, 
Mn : 1.5 wt%WT> 
P : 0.020 wt%WT, 
S : 0.015 wt%J-:JlT\ 
Al : 0.005 -0. 10wt%, 
N : 0.0100wt%ttT, 
B : 0.0002-0. 01 0Owt%£-§-<^ fr-o 

Ti : 0.20wt%JAT33 XV 1 10 
Nb : 0.25wt%JiHT^»9 *>*»C»a(fn4V»-f fL*» 1 ft* 
(± 2 tt£ (Ti+Nb/2)/C 2= 4 LT^tL^ 5t 

ttt (Z*£|*I<O@}SC4^1.0 -4.0ppmT'*^> 
Mo : 1.0 «rt%J£JLT\ 

Cu : 2.0 wt%^T> 20 

Ni : 1.5 wt%JjHT\ 

Cr : 1.0 m%aT& £Tf 

v : o.iowt%mT<o ; 5 *>^<bS(fn*v»-fn^iitjfc 

i± 2 «J2L± i t *r«F»t 

[K&R3] * 7t(±2 UE«OjHa«<0<>0 

Ca : 0. 0005-0. 0050wt%, 

REM : 0.001 -0.020 wt%«Od "biHf =h-4 V>i*tl#» 

[W*^4] C : 0.005 -0.030 wt 
Si : 1.5 wt%JAT, 
Mn : 1.5 wt%WT\ 
P : 0.020 wt%ttT, 
s : 0.015 wt%jy.T, 
Al : 0.005 -0.10wt%, 
N : 0.0100wt%JiJ.T, 
B : 0.0002 - 0. 01 00wt%£-a^ 

T i : 0. 20wt % JiHTis J: if 40 
Nb : 0.25wt%mTO-9 *,j&»t>»lfii.4v»r *Lri» 1 Hi 
li 2 (Ti+Nb/2)/C 2= 4 OH«*»fc fr^Tt^H 
£&P.flJ±i£f&> St/sec J£Lt2 0 "C/sec J-2JlT<Oi£j£ 
T-J&iPU 5 5 0^-7 0 OtcOfiKltlt-i 

[S&iBoffiMfflfcIfci8] 

[0 0 0 1 ] 

*7A^ tt#fflO«ttfll*. *OffeHftS>**»&ir 50 
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2 

mis («***-tr. jarno sirr-towt^ScUH 

[0 0 0 2] 

(»a»w-fb**«i*tt. wt, *u r» 

« k Wtt «r M£ $ ■£ * t L T , 3M£-Htt« KflUB $ 

•t « li (c t m c p t i atii iiiMi i tt l r» <b n 

4, a^<7?amtCJ:^5Mt&a &MBH6 2 

- 1 1 2 7 2 2 ^&8L # &BB 62-23056 

#2:10 62-35452 t) k , &5*f£<0 

Ait (*W<$in) MtJaAiMStotibs, 

[0 0 0 3] L^L&* s <b> iEBEftHiffifttJEJlT^ifc 
-<.& i •? $c •) , 4-^<7) - - X u^-T L & tti&T- 

1 ) TMCPOio fc«Sfc^*Hfc(i:&$fi*H::|§tfcJfc 

2) TMCPfli, SJSKJ:*^****^-^-^ 

^^BjftfJb^o iix^oSHlcJ: *) , TMCPtii, 

3) TMCPtli, Stfm, *ttttt#J:^ t1"*l3i4r 

* - ^ ± ^ v *s*s B B B ?a)s^ ic i.* tt * &M.mi±Ttf& 
wk%*), tm«tmt>*ifnnnz. mmmttv-i xo± 

4) * 7tTMCPUi3^T(i, Mn, V, Mo^rt'O?*. 

f titm^omi- s* s 7c # v^/c*, WTn^t; x &m 

4 Yf£&lzXzmmwm®.<o£it%k-Z!ii£*-t^o Z 
[0 0 0 4] 

1> mmit * *-f 4 iS5* S^Mf R« * > * #f "J & « 
Sflv(±, (YS) *«2 7 6MPatt±< L 



3 

<li4 13MPatt±> FSftJt (YR) //8 0%JUT> 
# * L < (± 7 0 %i^T, »tt**JftBia»«K vTrsf 
-lOOt (DWTT 8 5%*UTe- 3 OtCffll) fil 
T> «Fi L<<i- 1 2 OTC (DWTT 8 5 %»WR-C- 4 

etictg^) jar, ox:u*it4->^^if-iR«j.*^ 

3f— vEo~C30 0J JSUl, »il<(i310] 
5*JS-«S14^*7>^0}&«0. 3TS-vTrsrt*3 0 
0£l±«f4 L< t*3 2 OW±> i#S«fBtS*tt^tTy * 
-**?£<7)^ ( A H v ) rt ? l 0 OUT, »il<(i30 
ETF\ i#S^f^SB (HAZ) Ott14**8WiS«fi«v 
T r StOtWT, »U<(i-2 OtttTSriSU 

ft k k t £ - b u & o 

[0 0 0 5] 

ffic«lu«fb*tfaJ7c*, B*»inU »a*f** 

ajEtc«mi-*»^*«te«-rw*, i) *trtn*c 

ffi]±t YROfi*OTri»t4 9, 2) #fffi£fl:tt<iSfta 
[0 0 0 61 1"ftfr*>> 

(DC! 0.005 -0.030 wt%*8d> Si : 1.5 wt%UT> 
Mn I 1.5 wt%ttT, P : 0.020 wt%J^T\ S I 0. 

015 wt%J^T\ Al : 0.005 -0. 10wt%, N : 0.0100 
wt%UT> B : 0.0002-0. 0100wt%£^. 
i ! 0.20wt%UTi3 itfNb : 0.25wt%J^TO-9 *>#*<bSB 
If *L* ^fn* 1 tti fcli 2 «*: (Ti+Nb/2)/C ^ 4 OK 

-f-r^^7x^ .hj6»<bft4 1 1 fcKftrtOH»C 
S* f 1 . 0 -4. OppmT* £ - <b £#ffc fc 1" KIBfi* 

[0 0 0 71 (2) ±B(1) HlS«Ol@«0<>0{C. $ 
ibUMo : 1.0 wt%WT> Cu : 2.0 wt%WT\ Ni : 1.5 wt 
%J3LT, Cr : 1.0 wt%&TF£*VV : 0.10wt%WT^^ 
^fii^ 1 Si fcli 2 «£l±*-Mr** 

[0 0 0 8] (3) _LIB(1) *fcli<2) UffilftOSI&J&O 
t<7)i:, £*bUCa I 0.0005-0. 0050wt%, REM 10.001 
-0.020 wt%0^ *>*fcS(fft&v*i*:ft35»l*I4 £(i2 

«fr**S**c k t»«fc+*«ttu«it*ft|»ttJt 

[0 0 0 9] (4) C ! 0.005 -0.030 wt%*{«> Si : 1. 



(3) ffl¥8 - 3 1 9 5 3 8 

5 wt%WT, Mn : 1.5 wt%ttT> P : 0.020 wt% 

UT> S : 0.015 wt%W.T> Al : 0.005 -0.10wt 
96> N : 0.0100wt%UT, B : 0.0002-0. 01 00wt% 
*>oTi : 0.20wt%UTi3 iLKNb : 0.25wt%J^T 
O -9 *)*»^atfit4v^-rft* 1 2 «£(Ti+Nb/ 

2)/C ^ 4 OHffi*ttfc LT*#i-***J!WIIEEKa, 
St/sec W±2 0t:/sec WTO&KT^PU 31* 
11 5 5 0®- 7 0 OtoaJSwit'ilW- t *4* 
gii:-r^±fS (1)-(3) <D\,*Tivfr 1 oi:fe®co^fS 

[0 0 10] 

W <0£Bt t ft o fc HJRft* t- o TizE^ & c 

C : 0.003 -0.030 wt%, Si I 0.4 wt%, Mn : 0.6 wt 

%, p : o.oio wt%, s : o.oo20wt%, ai : 0.035 wt 

%, N : 0.0018-0. 0043wt%, B : 0. 0008-0. 001 5wt 
%, Ti 10 -0.12wt%, Nb!0 -0.25wt%, (Ti+Nb/2)/C 

= 2 -loofEBT^bs^fciB*^*, ^^yjp^ia 

S (SRT) :12001c, JftBIEffi»Tia* (FDT) : 
20 880 TC, IRgftO^*PiSft 3 -30t:/se (n-OMMMl 
ft (CT) 700*0 £T@&*#^K<±700 1Ci"CO*fr*fJ 
%K) , (CT) : 500-750 t-CMMWEB 

L, «*12-20iBnOjftJ6**[S:iaiaLfco 

[001 1 ] #<btLfcjftKfli«nov»r, firtoi»c 

£BI3fc1-& k tU:, (YS) , 5I3K» 

S (TS)), tolttt (YR = YS/TS) , 

(vTrs) &£T) t Ztlb<Dfefrb&m2tL2>0. 
3TS (MP a) -vTrs (TC) Sr*»fc 0 
YSiiAP IS1&O0. 5%M^O« *«F»tt 

rtH»COi«5Eak LT(i, MffikAI (Ageing Ind 
ex) 4rflIV*fco +ft*>t), 7.5 %Ta*f*#* 1 0 0 TC 

3 o^«taaaowfc**«i5eLA i»k ufco ai« 

JSCUJtU ttrtH*C (ppm)=0. 20XA I (MPa) OH 

«**** 0 ft^> rt»««ifeuj:*B»coaijg«i, e 

^0 a*fcv* 0 ft 45, 0. 3TS (MP a) -vTr s (*C) 
o^(i^okio^T**)^o *fB3Mt, H»5ft-ftftf^ 
HftWftWfcU ± 9 ®tt(i*fb LvTr s (i±#i"^o 
?$,SO^ft^ll«icov^roW4Jt«t ; ?f dfc 

iOSfcftUJ:*l»ttJ!ft*ttfflmttU0.' 3TS 
(MPa) {ZffiMi-Zo L/:#oT, vTrs-0. 3 
TSOte**1&vM5fc\ mv^xtLtfO. 3TS-vTr 
s <om#* * v>(5 h% »fbOi5#*llftv^|ftttiJ«A»-C 

50 7h'j^^**«»ttt, iSBttfbi:: 



-3- 



5 

[0 0 12] Hit:, ttrt^>Bi»Ci:±IE*»tt4:OH 
ftt^o WBI*^Wfe**&J:o fil*lfl>EfflFC £1. 
0 -4.0ppmO|EHU«IJffll-rm±\ «ftfc«ttfcftl*tWt 
3&*Wf>*L*ii:***?*»4o -0<t -9 UBi§C£4.0ppmJa 
Ti:i*ti ^ti:<t ij e»ffcJtft*^rft^ft *«* 
14, ±l»ffcjft**«^L4r<**Cfc, ■»CUB*Sft 

14, fiWttJttnCWBUJ: '?> fia*c4Jlt*«*tt«: 
*»UWLTtlBtt*«L J «»i-< (MX-*.** 

ttrtOH»CS:1.0pp«*JHUfiT***i:, IfcffeJfc 
(il&Ti-^ too, BM;T***L<, * 0 . 3TS 
-vTr scolfit, ^ B B B 3fjyo^>fbtiJ:^ toh^^n 
^Tf&T-T&o «ft*:»tti:1B:l»tt 
Jt fcfcfcU 14^ *5ftOBi£C£l.0-4.0ppm<7) 

fco 

C : 0.005 -0.030 wt%*a» 

C(4, Ti, Nb*ffT.-C(*«fffi»fbUJ: OaKS:Wl± 
£-££7c3Rt>*>£ 0 iiOf^ ? 0.005wt%*«-C(4-toaii 
*fc2Lv**flfefc<. IS A& Offi^ft S: ffi £ «H 4 HI 

H<b&£o — ^ 0.030wt%J^±^£-£& #*<o 
Nb-^Ti 8£ to L T tf> B * C * £41 i'tfiT $ -ti: 

^*t± 0.005-0.030 wt%*}t, L < 140.015 - 
0.028 wt%fc-T&o 

[ 0 0 1 4 ] Si : 1.5 wt%ttT 
Sit4. »ffcx*fc LT*JHfcx*-C*»K B»C* f fiv^ 

LI. 5 wt%£jg;LTOi§$liSrot4, «Ltt^02Bi£(P3&*« 
T> SiO-fr#*li1.5 wt%£lTi:L, SftfiCft»Sb*^>jft 

[0 0 1 5] Mn : 1.5 wt%J-2JLT 
Mn(4. mtTtmt LT#flJ&5£*"C***** 1.5 wt%* 

mat asinrt" * fc s§*sr> 05? $ £ ±# s * , ««« 

BSCOltlBaiaEtfiTS*. ^lb^Wffit-££&l*I<7) 
B»COft*S:afe**ftffl**oTv**jfti»fefc»4 
L<fc^o L»ot, MnO^#fi(41.5 wt%J^Tfc 
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[0 0 16] P : 0.020 wt%WT 
ttaiiiTO«tt-^Ojf**(i3S:v»^ 0.020 wt%5:ii 
PO^*fit40.020 wt%WT. fifi L< I40.012wt %tl 

[0 0 17] S : 0.015 wt%J^T 

70 S*ft*t&-tA«i Lv^>% 0.015 wt%£lT\ »i 
L < J40.005 wt%jaTO|EH"CM s S-e* * 0 
[0 0 1 8] Al : 0.005 -0. 10wt% 
Al (4. iPKDKHfcfc 4 tfN^B*^fc#K#ffl&7C*"C* 
&o Kli, 4>&<i:*>0.005 wt%Oi^SP 

0.10wt%*fflx.4SiPtt3^ Y±7Fm 
t 4 (JO "CO. 005 -0.1(hrt%Oi£HT-^t$Hi:* fcOi 

[0 0 1 9] N : 0.0100wt%WT 

N(4. Hi«^^*WttO(B:T J ^YRO±#«rJB<fc 
20 ^ Ti, Al, BfcoHtHtLTBSJWo Lrt* 

£ffi<OT\ Mt-Sik^SLv^ 0.0100wt%J^ 
TOtEH-CI^-e^^o £45. L< ii0.0050wt%Ja 

[0 0 2 0] B : 0.0002-0. 01 00wt% 

4 TcH * * o £ ft Oft* * W * K (40. 0002wt % JJl± 

50 oiSin^S-cab^o — ^> o.oioowt%£jg££ife&D 

oT\ BJ40. 0002-0. 0100wt%OtEB, ft3:L< (40.00 

05 - o . oosowt % <d m m X'ffitiWr h o 

[ 0 0 2 1 ] Ti : 0.20wt%»T^ Nb : 0.25wt%WT\ 
o(Ti+Nb/2)/C^4 

Ti, Nb(i. t t*c*l6WUi5V*raj5ft.7C*-e*i9, B 
JgC Sr«fffiB5ELT*J[rtB*C fc k *> Ti 

CNbC *^ftLTWffl3SffcU«t^iB5»JS«rt^^i-o - 
5> coSdl * t h ir tzth (c (4 (T i+Nb/2)/C ^ 4 S: if tz 
40 t;iWS'tA-&o t^L, Ti. NbOfi^g#(l^^> 

T% ^n^i0.20wt%WT. 0.25wt%J^TO|EHTiSSP 
■Tic 4i5> »i LvKTi+Nb/2)/C*EH(45-8 tt 

o 

[0 0 2 2] tl±, **flc»i:o^tR«Lfc^ 
We (4. Mo,Cu,Ni,Cr, V,Ca,REM SrS^Sn^^ - t ^ ? 

Mo : 1.0 wt%WT. Cu : 2.0 wt%£lT> Ni : 1.5 wt%W 
T, Cr : 1.0 wt%J^T45 4lfV : 0.10wt%J^T 
50 Zixh<Oyim±, v*rftt»ft5c*fc LTMBftCftffl 
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OJB&S £ 4 <b -f «9 T-±I5IEB (- PJt5ei" & 0 
[0 0 2 3 J Ca : 0. 0005 - 0. 0050wt%, REM : 0.001 - 
0.020 wt% 

[0 0 2 4 ] &JR&ltj3j:imi*9<OBi&C*: ; #»9!<0 
SCtlcJ: 19, 7?D«f|j:^Bt6i*t4it* ,, Pi4 

t-, vi'oXPiW^a^*^^. *£l*l<OB»f 
Ci<7>£JlRcov>TI±, S 1 ') tst^M Lfc<t ; )^> 1. 
0 -4.0ppm (Sft) OKHt-aWW-fi^t^ 
14 1 IftfcffeJfc * i: t i:**t * fc U*TT£fc Rft-C* 

»&fc<7>m * > tie »= z> miE4kWrX'$ii&-fti a * 

[0 0 2 5] friz, J: * ^ 

iZ7 0 0X:iJl±±-C-OfiJS*lCi3«t^J^*P^JSt:ftlJf»i- 
fci&Rri 1 **.. ^*PiSS^5 < C/sec *»TNiift*e£ 
* J «*1LU Ott**fll:Ti-4o 2 0*C/sec ZM 

x.&i&mx'ismLtzm'&iz^ ^t!»«?*fai* I ^+^- 

& - 1 a>mm t & , wm^-nn iz#n&*%} 
- u tt z> z t , smro «s t «v 1 <d m x wn m* 

7FJ4J-K i^rt, «ME»tt*Wft"t 4^t4 ¥<D7fim 

t± 5 TV sec &± 2 0 "C/secJJLT, SJi L < <± 5 "C/s 
ec fcl>± 1 5 "C/sec $ h left 4 L < li 5 r/sec 

JJJUtl CC/sec &ffik1r2>-&m-t) i &Z>o 
[0 0 2 6] -fciJRijaft (CT) ;KMb*o*fau 
J:Ss&rtoB^CP£iWffi3£ffcOftM8t±> *<r>-fcW>ft 

J£jJ s 5 5 0"CJ.lTT"li> S^CgOl&jSAqF+^t ^ 



(5) !|f^^8 - 3 1 9 5 3 8 

^iJR^iSKli 550if3- 700t\ #4 L < f±6 0 

[0 0 2 7] fcfc, Bfc/cjBofrffCli #HJ¥5- 
222484-f-&flilC±3V^T, I F (Interstitial Free)£@£ 
*rtb i*f fc $ * JKWtt fireftJtM ***** f^ttv^o L 

^^K±0 UtiW^t LT i» <7 , Bit COTERSr 
£>Si:i--5>*:flWt Ji.Bffl**l-i _ *o -Ale, ±fEffl:* 

^P^icii, B}fCA s 4. 0 p p miUz.Xftfct 

[0028] ±&Ltz$mm<r>i$%immtm&%Lt)&m 

S> (C ^ ij - fc*#-Cj&3 ^"^^ <> <0-C* * o 

20 C-DR) i> L < liSP^riajS (SRT) : 9 0 

0 - 1 3 0 0 "C, *i*;i'4 r -S^<b*J4 L < l± 1 2 0 
0 rJttTO«HUWtn» L fc«»=fir i. C c - D R £fr 

[0 0 2 9] ^P^ffiMii, Elill-TSS (FDT) *»7 
5 0-9 5 0*C<Oji#<0ff®lCJ:Wf«tv^ Ars 
A- 1 0 Ot i *)T®2> t&J&^lzmVVll&lftliiL, ffi 
tirtkitftmZ^ib&viXtf-i L< &v> 0 5;±J, 
T*(±. vh'J **** OB*C*OW»i:BSSJlIU.fc* 
50 ifflS-fti: K J: »)rt«tei:)*aiBE*#Tv»**>T, W»EE 

ffi^-C«iii-4»-ft-UI±, B^ B B B iS)S^g:C<0^i6(C9 
0 Otg^SfftTLtv^Ot", 9 0 0 "CJ-^T-CSt® 
J±T*& 5 0 %m± ( 6 0 %a±%b If 2 «t 

ummzj:'?xi>m%z>&. mm it 5 -3 ommgst 

[ 0 0 3 0] a±0»a*tt(i|RK«|«r»*iaUi3»t 
[ 0 0 3 1 ] 

[hj&^j] *i -3 u^-rit^^flt^a**^***^ 



-5- 



(6) 
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JO 



0. 3TS-vTrs, HI C rtW-9-tt) 
jgjgSBO XjftigflSE g (Hv ) , iiitfW»t 

rt <aih, 

*Sl*l@?#Ci (ppm) =0.20XAI (MP a) 
Cfc i)**fc 0 J IS Z 2 2 0 1 CU*" 

v\ J I S 5f »^fflv>T, ®&m?M J I SZ2 
2 0 2 Cii vA-^tT-lit^M-SrfflV'^Tffo^o ifc, : 



70 



*H I CiiNAC E TM — 0 2 - 8 4 IZ&^ffvtZo £ 
rt*U tttfcSfcliN A C E TM 0177-90 U«JfeO 
NACE$^fflv>fc, HICOfFffili, J: 
? 7 f ?7!> f &v>*><D£0> \f"i£/$ ? C S R (Cr 

ck Sensitivity Ratio) t* 1 %5fcii<75 O 1 %W 

[0 0 3 2] 



52 


it ¥ & & <«t«) 


(Ti+Hb/2) 




C 


Si 


Mo 


P 


s 


Al 


Ti 


fib 


N 
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